Strain MC29 avian leukosis (myelocytomatosis) virus induced infection, elaboration of virus, and morphological alteration in chick embryo cells in vitro. Virus liberation began within 18 hr, morphological change was detectable at about 40 hr, and the cultures could be completely altered within 80 hr after infection. Altered cells were about half the volume and grew at approximately twice the rate of uninfected elements. The output of virus estimated by electron microscopy was about 140 particles per cell per hr. Deoxyribonucleic acid remained constant, but ribonucleic acid increased in both infected and control cells in adjustment to culture environment. The rates of uptake and incorporation of 3H-uridine and the incorporation of 3H-thymidine increased in the infected cells with onset of morphological change but were unaffected by processes of infection and virus elaboration per se. Incorporation of a "4C-amino acid mixture was slightly greater in the infected than in control cells. The speed of continuity of infection and massive morphological alteration constitute a unique response to avian tumor viruses, and the system gives promise of singular value for detailed studies of the processes of infection and morphological change.
Strain MC29 avian leukosis virus (10) induces neoplastic response chiefly of the myeloid hematopoietic tissue in the intact chicken (10, 15) . In contrast to the profound myeloblastic leukemia caused by BAI strain A (7) , however, the strain MC29 disease is not notably leukemic but is characterized principally by neoplastic proliferation of myeloid cells at the level of myelocytic differentiation. The cells may be distributed as diffuse growths, myelocytomatosis, or form localized, solid tumors, myelocytomas. Frequently associated with such myeloid neoplasms are renal adenocarcinoma and cystadenoma. Unlike the responses to avian leukosis strains previously studied are morphological alterations of hepatocytes and formation of frank primary tumors of the liver (U. Heine, D. Beard, Z.
Mladenov, and J. W. Beard, in prepcarcation).
Investigation of strain MC29 was recently extended to examination of its influence on chick embryo cells (CEC) in vitro. As observed with other avian tumor viruses (4, 14, (23) (24) (25) (26) ; S. Sankaran, Ph.D Thesis, Duke University, Dur- ham, N.C., 1967), exposure of CEC to strain MC29 results in the induction of infection, the elaboration of virus, and morphological alteration (12) of the culture. With low multiplicities of virus and an agar overlay, the cells form heaps or foci (11) somewhat similar to those observed with Rous sarcoma virus (RSV). Also like the response to RSV, the cells altered by MC29 virus grow in layers which are indicative of loss of contact inhibition. In this respect, the behavior of the MC29 cells differs from that of CEC responding to other leukosis viruses, such as BAI A, R, and ES4 strains which retain contact inhibition and form uniform monolayers (A. J. Langlois, S. Sankaran, and J. W. Beard, in preparation).
A singular aspect of the response to MC29 virus, however, is the apparently exceedingly high rate of morphological change which may yield uniformly altered cultures (12) within 74 hr after cell exposure in appropriate virus particle multiplicity. This finding suggests high incidence of cell response, and, more important, direct continuity in a high proportion of the cells of those successive processes concerned with cellvirus interaction in initiation of infection, elaboration of virus, and alteration of cell morphology. Several strains of avian sarcoma viruses cause CEC infection and rapid morphological change, but the time required for alteration of the whole population of cells appears to be greater than with MC29 (21, 22) . Leukosis viruses other than strain MC29 (4, 12; S. Sankaran, Ph.D Thesis, Duke University, Durham, N.C., 1967) apparently induce a high incidence of infection with virus elaboration, but altered cells appear only after protracted culture periods and death of most of the elements initially exposed to the virus.
INFECTION WITH AVIAN LEUKOSIS VIRUS
In strain MC29 cultures, on the contrary, the population grows progressively without notable loss of cells (12) . The potential value of such a system for investigation of the continuous processes of infection and conversion is apparent.
In the experiments reported here, studies were made on the growth characteristics of CEC exposed to strain MC29 (11, 12) . Exploratory investigations were made, also, on the kinetics of virus liberation and on some aspects of the physiological processes concerned particularly with cellular metabolism of ribonucleic acid (RNA), deoxyribonucleic acid (DNA), and protein. Morphological and other biological features of the system will be described in another report (A. J. Langlois, S. Sankaran, and J. W. Beard, in preparation).
MATERIALS AND METHODS
Strain MC29, isolated in Bulgaria (10), was brought to this laboratory in 1965 for further study of its etiological activity in the intact chicken (15) . Virus for tissue culture was then obtained for passage (11) from the blood plasma of chickens diseased with the MC29 agent. All of the experiments reported here were made with a single pool (115-67) of tissue culture fluids. The pooled culture fluids, passed through a 0.3-,u Millipore filter (Millipore Corp., Bedford, Mass.) and stored at -70 C in sealed ampoules, contained 8.3 X 108 virus particles per ml, as determined by electron microscopic count (19) .
Eggs for embryos were from a laying flock free of resistance-inducing factor (16) . Primary cell cultures were prepared (4) from decapitated, eviscerated, and trypsinized 10-or 11-day-old embryos seeded at 4 X 106 to 10 X 106 cells per plastic petri dish (100 X 20 mm; Falcon Plastics, Los Angeles, Calif.). The cells which attached to the dish, chiefly fibroblasts, were grown in 10 ml of Calnek's growth medium (4) at 38.5 C in a humidified 5% CO2 atmosphere. These primary cultures were infected at 24 hr with 33 virus particles per cell.
Radioisotope labels. At the time of infection and at daily intervals thereafter, the culture medium was removed from all dishes, the cells were washed with phosphate-buffered saline (PBS) (6), and fresh medium was added. Each day some cultures were treated with labeled compounds (New England Nuclear Corp., Boston, Mass.): uridine-5-3H, 26 c/ mmole; thymidine-5-methyl-3H, 16.1 c/mmole; or 14C-amino acid mixture, 40 mc/milliatom of carbon.
At cell harvest, the medium was sampled for radioactivity and virus particle count (19) . The cells were washed with PBS, removed with trypsin, sedimented, and then resuspended in PBS. A sample was taken for cell count, the cells were sedimented again, and the pellet was frozen in a dry ice-alcohol bath and stored at -20 C. In some supplementary studies of labeledcompound uptake from the medium, successive 0.2-ml samples of medium were taken from the same culture dish over the interval under study.
Analysis of cells. Fractionation of labeled cells was effected with procedures adapted from those of Scott et al. (18) . The fractions were examined for radioactivity in a liquid scintillation spectrometer (Packard Instrument Co., Inc., Downers Grove, Ill.) and for ultraviolet absorption. Acid-soluble nucleotides were obtained by three successive extractions of cells with 0.5 ml of 0.3 M HC104 at 0 to 4 C. For extraction of RNA, the residual cell pellet was incubated for 60 min with 0.5 ml of 1.0 M NaOH at 23 to 24 C. Protein and DNA were precipitated by addition of 0.1 ml of 6.5 M HC104 to the preparation chilled to 0 to 4 C. The supematant fluid from centrifugation and two pellet wash fluids of 0.5-ml volumes of 0.3 M HC104 were combined. DNA in the insoluble material left from RNA extraction was hydrolyzed by heating a suspension of the residual pellet in 0.5 ml of 0.3 M HCl04 at 90 C in a water bath for 30 min (29) . The precipitate was removed by centrifugation, and the supernatant fluid and 0.5 ml of 0.3 M HCl04 used to wash the pellet were combined for DNA analysis.
Amounts of RNA in ,ug were computed by multiplying the difference between the optical density values measured at 260 and 320 mr,, respectively, by the volume of the extract and the factor 32.8. This factor was obtained from the data for the nucleotide ratios of the whole RNA of avian myeloblasts of myeloblastic leukemia (27) and the extinction coefficients of nucleotides at 260 ml in acid solution (3), assuming no residual hypochromicity in the partially hydrolyzed RNA (9) . An approximate estimate of acid-soluble nucleotide was made with the same factor, although the proportions of various nucleotides, nucleosides, and bases in the soluble pool were unknown. The corresponding factor for calculation of DNA quantity was 31.2, determined in like manner from nucleotide ratios of chicken cell DNA (27) and extinction values (3) . Protein (13) and radioactivity were determined on '4C-amino acid-labeled cells, extracted three times with cold 0.3 M HC104, sedimented, and then dissolved in 1.0 ml of 1 M NaOH. Cell and virus-particle eniumerationz. Cell samples in PBS were mixed with equal volumes of 2% glutaraldehyde and stored at 2 to 4 C for later counts in a hemocytometer. Culture fluids for virus particle counts were diluted with appropriate volumes, usually 20-fold, of 1%o glutaraldehyde and stored in the cold. Counts were made by electron microscopy of virus particles sedimented on agar (19 (Fig. 4) Fig. 4 , but trypsinized and transferred as necessary. In this series (Fig. 5) 4 8 12 16 20 Days After Infection Acid-soluble nucleotides, however, behaved differently. As in the case of RNA, the nucleotide pool increased sharply in both control and virustreated cells for about 3 days (Fig. 6 ). In the MC29 cells, however, there was a marked decline between 3 and 5 days, whereas, in contrast, the high level was maintained in the control cells. The fraction containing nucleotides, which was not analyzed further, presumably contained nucleosides and bases as well. Nevertheless, nucleotides probably constituted the bulk of the total material measured by ultraviolet absorption (17 but slight increase in the specific activity of the DNA of the control cultures in the 5-day period. At 80 and 104 hr, the specific activity of MC29 cell DNA was approximately 2.7-fold that of the control cells, which was in fair agreement with the relative rates of growth in the respective cultures (Fig. 1) .
Disposition of 3H-uridine added to cultures. Analyses of 3H-uridine removal from the culture medium revealed major differences between the behavior of the control and that of the virustreated cultures. Figure 8 discloses the results of studies with the same cultures yielding the results of Fig. 2 and 3 . Measurements of radioactivity remaining in the culture fluid at intervals after addition of 3H-uridine on the different days showed a nearly constant rate of label disappearance in the control cultures. Beginning on the 3rd day, however, there was a much increased initial rate of disappearance of label in the virustreated cultures. This initial rate was then progressively greater from 3 to 5 days, and the time required for maximal removal of label declined from 12 to 8 to 4 hr. Nevertheless, the proportion of label disappearing from the medium on any day did not exceed 50%O of that added in this study. By centrifugation of the used medium, it Fig. 2 and 3 consisting of pairs, and the exposure multiplicity was 33 virus particles per cell. Medium was changed each day without cell transfer. Pairs of conztrol and virus cultures were treated each day with I j,c (per ml) of3H-uridine and terminated 2, 4, 8, 12, and 24 hr later. Samples of the media were analyzedfor radioactivity, and uptake (upper curves) was calculated as the difference between the amount added and that found. The middle series of curves represents the radioactivity of the acid-soluble nucleotides extracted from the cells, and the lower series shows RNA radioactivity.
Each point is the average ofmeasurements on duplicate cultures. Symbols: O, normal cells; 0, virus-infected cells.
was determined that less than 5% of the residual radioactivity could be accounted for in virus particles or sedimentable cell debris.
Marked differences were likewise observed in the specific radioactivity of the nucleotide pools of normal and MC29 cells (Fig. 8) . In the control cultures, the specific activity of the pool increased throughout the initial 24-hr period of study. Beginning with the 2nd day and continuing throughout the remaining 4 days, however, the pattern changed somewhat, the activity increasing until 8 hr and then declining slightly. The virus-containing cultures behaved like the controls for the first 2 days in this respect, but later the increasing rate of label removal from the medium was accompanied by an increasingly rapid rise and fall of specific activity of the nucleotide pool, the fall beginning with the cessation of uptake. The term specific activity is applied somewhat loosely to the acid-soluble nucleotide pool, since the values are based not on the amount of uridine or uracil compounds alone, but on the total of all nucleotides, nucleosides, and bases, as measured by ultraviolet absorption.
The specific activity of RNA in the infected cells also began to exceed that of control cell RNA by the end of the 2nd day (Fig. 8) . The initial rate of labeling of RNA from the 3rd through the 5th day was about two to three times more rapid in the infected cells than in the controls, but the maximal level of specific activity reached was progressively lower. In relation to the cessation of uptake of labeled uridine and the rapid decline in the specific activity of the acid-soluble pool, which occurred at about the same time, the points at which specific activity of the RNA stopped increasing were delayed by about 4 hr. Similar experiments, in which 3H-cytidine was the labeled precursor or in which different cell concentrations were used, yielded qualitatively similar patterns of isotope uptake from the medium, as well as labeling of the acid-soluble pool and of RNA. The changes in the specific radioactivity of the RNA are dependent on several factors, including the rate of RNA synthesis and the specific activity of the uridine nucleotide pool. The latter depends upon the rates of uptake of 3H-uridine from the medium and de novo synthesis of uridine, as well as incorporation of the 3H-uridine into RNA and metabolism through other pathways. Further studies on the detailed composition of the nucleotide pool, as well as its metabolism, will be necessary for a better understanding of the marked differences between control and altered cells.
Additional studies were made to claiify the striking apparent limitations in uptake of 3H-uridine from the medium by the MC29 cultures (Fig. 8) The fact that no differences in nucleic acid amount or synthesis were seen in relation to the establishment of infection or particle liberation was to be expected. The amount of RNA and protein required for virus production is extremely small compared to that used in continuing cell growth (30) .
